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stratified area (described previously as a "cold pool") was evident in both transects. The influence of this hydrological structure on benthic trophic functioning (i.e., on the food sources available for consumers) was especially apparent across the northern transect, due to unusual carbon isotope compositions (δ13C) in the compartments. At stations under the cold pool, SI and FA organism compositions indicated benthic trophic functioning based on a microbial food web, including a significant contribution of heterotrophic planktonic organisms and/or of SOM, notably in stations under the cold pool. On the contrary, inshore and shelf break areas were characterised by a microalgae-based food web (at least in part for the shelf break area, due to slope current and upwelling that can favour fresh primary production sinking on site). SIA and FAA were relevant and complementary tools, and consumers better mediumto long-term system integrators than POM samples, for depicting the trophic functioning and dynamics along inshore-offshore transects over continental shelves.
Introduction
While marine ecosystems provide considerable services to humans, they encounter unprecedented threats as a result of anthropogenic activities, global change and land-based inputs into the sea (Millenium Ecosystem Assessment, 2005; OSPAR, 2010) . Coastal zones and continental shelves are particularly affected by these phenomena, because of their high biological productivity and easier access compared to offshore or deep-water areas. These areas often support important fisheries, and their trophic dynamics are central in the general structure and functioning of ecosystems. Understanding the trophic functioning of vulnerable marine ecosystems is crucially important to maintain their services and integrity as it may induce changes in the production or productivity of potentially exploitable resources in these systems (e.g., commercial fisheries). The trophic functioning of marine systems is controlled by different types of energy flows such as bottom-up control (control by primary producers), top-down control (control by predators -possibly including commercial fisheries) and waspwaist control (control by numerically dominant species), although bottom-up control predominates in most ecosystems (Cury et al., 2003) .
Trophic functioning in the bottom-up control is potentially directly influenced by human landbased inputs in coastal areas. The induced changes are either negative (e.g., as observed with excessive inputs causing eutrophication problems; Cloern, 2001), or positive (e.g., when river discharges stimulate productivity and in turn enhance coastal fisheries; Loneragan et al., 1999) . Trophic functioning across continental shelves or on the continental slopes is possibly influenced by other factors that are not necessarily linked to anthropogenic activities, such as hydrological structures or physical dynamics of water masses (e.g., eddies, upwelling, and slope currents; Waite et al., 2007; Alt-Epping et al., 2007; Kolasinski et al. 2012 ).
In recent decades, stable carbon and nitrogen isotope ratios ( 13 C and 
15
N values) have demonstrated their suitability as biogeochemical tracers of food web structure and functioning in the marine environment (e.g., Michener and Kaufman, 2007) . The primary producers in an ecosystem generally have different isotopic compositions due to the different nutrients they fix, the biochemical cycle they use for photosynthesis, and their physiology (e.g., growth rates, cell sizes, and nutrient capture mechanisms (Peterson and Fry, 1987) ). The enrichment in 13 C and 15 N between a source and its consumer is then relatively predictable. It is lower for C (generally ≤1-2‰) than for N (2.5-4‰, on average) (Minagawa and Wada, 1984; Post, 2002; Vanderklift and Ponsard, 2003; Caut et al, 2009 ). Values of δ 13 C are often considered a conservative tracer of organic matter origins or of primary producers at the base of food chains (e.g., Dubois et al., 2007; Schaal et al., 2010) , discriminating for example organic matter from terrestrial versus marine origins over continental shelves (Nagao et al., 2005; Alt-Epping et al., 2007) , or benthic versus pelagic primary producers sustaining food webs in coastal areas (France, 1995) . Values of δ 15 N have been more commonly used to depict the trophic position of organisms in various ecosystems (e.g., Lesage et al., 2001; Le Loc'h et al., 2008) . Values of δ 15 N are also able to trace 15 Nenriched anthropogenic inputs in coastal ecosystems (McClelland et al., 1997; Vizzini and Mazzola, 2006; Zvab Rozic et al., 2014) .
Despite apparent advantages, stable isotope analysis (SIA) alone may not be sufficient to unravel food web dynamics in complex aquatic ecosystems, mostly because it fundamentally implies that sources entering food webs have distinct isotopic signatures. The use of stable isotope (SI) tracers of food web structure and functioning are also complicated by uncertain temporal and spatial variation at the base of food webs and by variable integration time during tissue biosynthesis in animals (Martínez del Rio et al. 2009 ). In addition, isotope tracers may fail to provide taxonomic resolution of food sources, but the combination of several tools can address this difficulty. Combining SIA and fatty acid analysis (FAA) has been particularly useful for identifying sources of organic matter that sustain organisms in various systems (e.g., Kharlamenko et al., 2001; Allan et al., 2010; Lebreton et al., 2011; Pernet et al., 2012) . Primary producers and heterotrophic microorganisms can synthesise specific fatty acids (FAs) that cannot be synthesised de novo by marine animals. Marine bacteria, diatoms, (dino)flagellates, seagrasses and terrestrial plants, and even different species within the same taxonomic group have been shown to differ in FA composition (Graeve et al., 1994; Napolitano et al., 1997; Dalsgaard et al., 2003; Kelly and Scheibling, 2012; Sahu et al., 2013) . Consumers acquire these FAs from their food, and FAs are deposited relatively unchanged into their adipose tissues, providing an integrated record of dietary intake over time (Budge et al., 2006) . For several years, FAA has thus served as a useful trophic marker to depict food sources at the base of food webs and trophic relationships in the marine environment (e.g., Graeve et al., 2002; Iverson et al., 2004; Wilson et al., 2010) .
In recent years, several studies used biogeochemical markers, especially SIA, to depict the origin of organic matter or trophic functioning in the marine environment, particularly over continental shelves (e.g., Darnaude et al., 2004; Nagao et al., 2005; Alt-Epping et al., 2007) , or to investigate the potential influence of hydrological structures on trophic functioning at the meso-scale (e.g., Kolasinski et al., 2012; Nerot et al., 2012; Kopp et al., 2015; Schaal et al., under review) . SIA is generally done in suspended particulate organic matter (POM), sediment organic matter (SOM) or in consumers. Isotopic variations have been analysed according to a variety of environmental variables such as temperature, salinity, depth and/or distance to the coast (e.g., Fry, 1988; Jennings and Warr, 2003; Barnes et al., 2009; Nerot et al., 2012; Radabaugh et al., 2013) . In these studies, strong discrepancies and strong isotopic gradients were generally found and linked to environmental gradients between samples or organisms from shallow versus deeper stations. From these results, researchers have highlighted the crucial need for wide spatio-temporal sampling and/or modelling when further developing food web models based on stable isotopes (Jennings and Warr, 2003; Barnes et al., 2009; Radabaugh et al., 2013) , and for developing combined approaches in future studies.
In this context, the present study addresses these ecological issues by: 1) applying a multisource (i.e., surface and bottom POM, SOM) and a multi-trophic-level consumer approach (i.e., bivalves, crustaceans, fish); 2) applying a multi-tool approach (i.e., SIA and FAA); and 3) comparing two inshore-offshore transects in the northern part of the Bay of Biscay. The Bay of Biscay is a large bay that opens onto the north-eastern Atlantic Ocean. Along the French coast, the continental shelf covers over 220,000 km 2 and extends more than 250 km offshore in its northern part. Recently, ecological network analysis of the Bay of Biscay continental food web provided evidence that bottom-up processes play a significant role in the global structuring of this marine ecosystem (Lassalle et al. 2011 ). This ecosystem is therefore particularly interesting for studying trophic functioning, and the potential influence of hydrological structures across continental shelves and/or depth gradients on food sources at the base of food webs. The general objectives of the present study were: (1) to determine the origin of organic matter entering benthic food webs, and consequently trophic functioning over the highly productive Bay of Biscay continental shelf, and (2) to assess the potential influence of hydrological structures on trophic functioning at the meso-scale. The specific objectives of this study were (1) to investigate differences in SI and FA compositions of selected biota between two transects with similar offshore conditions but contrasting coastal dynamics, and (2) to understand the contribution of FAA in explaining and supplementing the information provided by SIA along both transects. Combined analysis of SI and FA compositions in different sources and consumers, and along two contrasting transects, should provide much information about the extent of terrestrial influence on relatively wide marine continental shelves. For instance concerning SI compositions, decreasing δ 15 N values from the coast to offshore waters is expected, because rivers are a potential vector of 15 N-enriched organic matter in coastal waters, and because fixation of atmospheric N 2 by diazotrophic organisms (e.g., cyanobacteria) in offshore or oligotrophic waters may lower δ 15 N values of the residual NO 3 -pool available for other primary producers in these areas (Montoya, 2007) . Concerning FA compositions, we expect that "source" compartments (POM, SOM) and consumers will have FA markers of diatom primary producers in coastal and/or productive areas, and more FA markers of (dino)flagellates or of carnivory (i.e., heterotrophic processes) in deep water areas. The combination of tools used in this study should provide information about the contribution of primary production (i.e., herbivorous or microalgae-based trophic functioning) versus detrital or regenerated material (i.e., microbialloop based trophic functioning), or indicate the significant contribution of heterotrophic organisms at the base of benthic food webs over the shelf.
Materials and methods

Study area, selected transects and sample collection
Sampling was performed in two inshore-offshore transects (transects A and B, respectively) in the northern part of the Bay of Biscay (Fig. 1 ). The two transects had both similarities and differences in physical dynamics and hydrological structures from coastal areas to the shelf break (Table 1) .
Samples were collected during two scientific cruises in June-July 2012. Respectively, 10 and 11 at-sea stations were covered over the two inshore-offshore transects (Fig. 1) . Whenever possible, three replicates of surface and bottom seawater were sampled using a Niskin bottle to collect surface and bottom POM at each station. Bottom POM was collected 1 m above the sediment. In coastal areas, surface POM samples were also collected in the rivers flowing to sea. Water was filtered (2 L per station and per depth) through pre-combusted (6h, 450°C) GF/F Whatman filters. Filters were then briefly acidified (HCl 1 N) and rinsed with distilled water to remove inorganic carbonates and sea-salt, and were stored aboard at -20°C. Three replicates of the upper sediment layer (2 mm) were sampled to collect SOM with a Van Veen grab and stored at -20°C for further processing before SIA. POM and SOM samples are considered the "source" compartments because they are thought to contain the bulk organic matter (i.e., mixture of fresh and detrital material in varying proportions for both types of samples) that potentially enters the benthic food webs.
We selected consumer species with relatively wide distributions over the continental shelf or closely related (from a taxo-functional viewpoint) species that partially overlapped along the inshore-offshore transects. We also chose species with relatively low mobility and from different trophic levels or trophic guilds. The selection then included 2-3 bivalve mollusc species (Pecten maximus, Venus casina and/or Aequipecten opercularis) as primary consumers/POM filter-feeders, one fish species (Callionymus lyra) as a predator feeding on small benthic invertebrates such as small decapod crustaceans and occasionally on worms (Griffin et al., 2012) , and 2-3 decapod crustacean species (Inachus spp -including I. dorsettensis and/or I. leptochirus -and Macropipus tuberculatus) as omnivorous secondary to tertiary consumers and/or scavengers feeding on small epibenthic invertebrates, fish, dead animals, or algae (Hartnoll, 1963; Abello, 1989; Rorandelli et al., 2007) . Whenever possible, 1-3 individuals of each species were collected at each station and stored aboard at -20°C. All samples were transferred at -80°C back to the laboratory (a few days later). Consumers (i.e., bivalves, crustaceans and fishes) were dissected in the laboratory to collect muscle (for SIA), and digestive glands or livers (for FAA). This was performed as quickly as possible to avoid excessive thawing. Subsamples were freeze-dried and stored at -80°C for further treatment before analyses.
Only a few samples were selected for FAA: surface and bottom POM samples, SOM samples, individuals of the bivalve P. maximus and individuals of the fish C. lyra. They were collected at four stations along the transects ( Fig. 1 ; stations A1-A4 for transect A, B1-B4 for transect B). Organisms were selected according to their trophic guild (i.e., "source" compartments, one filter-feeding primary consumer and one secondary consumer), and the stations were selected according to the isotopic variations observed along the transects.
Stable isotope analyses
POM filters and SOM samples, stored at -20°C aboard, were freeze-dried. Dried filters were then folded and placed into tin capsules. Dried SOM samples were sieved (250 µm mesh), and the fine fraction was ground into powder. For carbon isotope composition, a subsample (1 g) of sediment powder was decarbonated using 1 mL HCl (1-2 N according to the effervescence), centrifuged to recover the subsample, rinsed with distilled water, centrifuged and freeze-dried again before being placed in a tin capsule. Two capsules were prepared for each SOM sample (one for carbon -acidified, and one for nitrogen isotope ratios -no pretreatment). Freeze-dried muscle samples of bivalves, crustaceans and fish were ground into a fine powder, and 0.40 ± 0.05 mg subsamples of powder were weighed in tin capsules. These animal samples were not lipid-extracted before SIA (as it is sometimes advised to avoid potential effects of lipid components on δ 13 C values in animal tissues; De Niro and Epstein, 1977) . However, all C:N ratios of the samples were measured and none exceeded 3.5, i.e., the ratio above which lipid extraction or normalisation is generally recommended for animal tissues (Post et al., 2007) . 
Lipid extraction and fatty acid analyses (FAA)
Extraction of total lipids followed the method described by Folch et al. (1957) , although dichloromethane (CH 2 Cl 2 ) was used instead of the original chloroform (CHCl 3 ) because of its lower toxicity (but similar properties). Because different matrices were analysed (filters for POM, sediment samples for SOM, digestive gland for P. maximus and liver for C. lyra), the procedures differed slightly among the samples. For POM samples, filters were inserted into glass test tubes with a dichloromethane-methanol mixture (CH 2 Cl 2 -MeOH, 2:1 v/v), the samples were sonicated, a volume of 0.75% sodium chloride (corresponding to 20% of the CH 2 Cl 2 -MeOH mixture) was added, and the tubes were shaken. After centrifuging samples, the lower phase (containing lipids) was kept, and a second volume of CH 2 Cl 2 was added to ensure that the maximum total lipid content was extracted for each filter. For SOM samples, lipid extraction was performed on aliquots of sediments (approximately 1 g) with an Accelerated Solvent Extractor system. Samples were then mixed with diatomite powder and lipid-extracted with CH 2 Cl 2 at high temperature (100°C) and under high pressure. A volume of 0.75% sodium chloride (NaCl) (corresponding to 20% of the CH 2 Cl 2 -MeOH mixture as above) was added, vials were shaken, placed at -20°C for 2h, and the lower phase (containing lipids) was kept. For animal tissues, aliquots of dried samples (approximately 100 mg for bivalve digestive glands and 30 mg for fish livers) were rehydrated with distilled water, an "inverse" CH 2 Cl 2 -MeOH mixture (i.e., 1:2 v/v) was added, samples were homogenised and centrifuged, and the supernatant (containing lipids) was kept. A CH 2 Cl 2 -MeOH mixture (2:1 v/v) was added to the lower phase (containing the remaining tissue sample), samples were shaken and centrifuged, and the supernatant (containing remaining lipids) was added to the first supernatant. A volume of 0.75% NaCl was added to supernatants, which were shaken and centrifuged again, and the lower phase (containing lipids) was kept. All extracted lipid contents (from the different matrices) were stored under nitrogen atmosphere at -20°C for further treatment. Samples were always kept frozen (on ice) and under nitrogen atmosphere to prevent oxidation throughout the preparation for FAA.
Neutral lipids (NLs) are thought to better reflect the FA composition of consumed food and to reveal information about trophic sources, whereas FA in the polar lipids (PLs) are less sensitive to dietary changes (Dalsgaard et al., 2003) . NLs and PLs were thus separated in all samples after total lipid extraction. To this end, extracted lipids were placed at the top of a SiOH Chromafix micro-column; NLs were eluted with a CH 2 Cl 2 -MeOH mixture (98:2 v/v) and PLs were eluted with pure methanol. Only NLs were subjected to the following procedure before FAA: they were saponified by adding a 2M methanolic potassium mixture (KOHMeOH), and samples were placed under nitrogen atmosphere at 90°C. The unsaponifiable portion of NL samples was extracted by adding distilled water and absolute ethanol to samples, and hexane was added to solubilise the unsaponifiable portion. Samples were shaken and centrifuged, and the upper phase (containing hexane + unsaponifiable components) was discarded. After adding hexane a second time to the lower phase to ensure that the entire unsaponifiable portion was extracted. FAs were recovered by adding 6N hydrochloric acid (HCl) to the lower phase (containing the saponified FAs of interest), followed by hexane to resolubilise the FAs. Samples were centrifuged, the upper phase (containing hexane + FAs) was kept, and a second addition of hexane ensured the recovery of all FAs. Hexane was evaporated, and FAs were transformed into fatty acid methyl esters (FAMEs) by adding a volume of 2.5% HCl (0.7M) in methanol to the FAs; afterwards, samples were placed under nitrogen atmosphere at 90°C. Distilled water and hexane were added, samples were shaken and centrifuged, and most of the upper phase (containing FAMEs) was kept. A second addition of hexane ensured the recovery of all FAMEs.
The FAMEs obtained were finally analysed in a gas chromatograph (Clarus 500) with an oncolumn injector, a SGE Analytical Science BPx70 capillary column (30 m x 0.22 mm; 0.25 µm film thickness), and a flame ionisation detector. Blank samples (i.e., without any organic matter) were subjected to the same lipid extraction, lipid separation and additional treatment of NLs and then analysed to ensure that samples had been prepared correctly. FAs were identified by comparing their retention times to those of standards.
Data analysis
In the northern part of the Bay of Biscay, the continental shelf is wide and the distance to the coast and the depth co-vary (Fig. 1) . Isotopic trends along the two inshore-offshore transects were thus analysed as a function of depth. Smoothing lines (robust, locally weighted scatterplot smoothing system based on the LOWESS algorithm with the software R; Crawley, 2007) were added to represent the fitted non-linear trend of isotope values for SOM, the bivalve P. maximus and the fish C. lyra that were sampled all along the two transects.
Variations in the mean difference for  15 N or 
13
C values calculated between two theoretical trophic levels were also analysed along the two transects: i.e., between the fish C. lyra (as a secondary to tertiary consumer -C2) and P. maximus (as a primary consumer -C1). Later in the article, and for comparison with the literature, this is referred to the "apparent Trophic Enrichment Factor (TEF)", as it does not strictly concern prey-predator relationships but is only an estimation of the enrichment factor between two theoretical trophic levels.
To analyse FA data, only FAs that contributed ≥ 1% of total FAs in at least one sample or that had a potential trophic interpretation (Table 2) were considered. The exceptions were the odd and short saturated FAs (SFAs) and branched FAs (BFAs) that are generally found in low proportions and correspond to FAs synthesised by bacteria (Budge et al., 2001; Dalsgaard et al., 2003) ; they were grouped as "bacterial FAs" (Table 2 ). Principal component analysis (PCA) was performed on the overall FA dataset to identify the FAs that contributed most to its variance. Totals were calculated for SFAs, BFAs, monounsaturated FAs (MUFAs) and polyunsaturated FAs (PUFAs). The unsaturation index (UI) was estimated for each sample, as the sum of the percentage of each unsaturated FA multiplied by the number of double bonds within it (Logue et al., 2000) . When possible (i.e., when the number of samples was ≥ 2 within each of the four stations selected for FAA), Kruskal-Wallis tests followed by multiple-comparison tests with Holm's adjustment method were performed to test interstation differences in total SFAs, total BFAs, total MUFAs, total PUFAs, UI values, and differences in the proportions of FAs commonly used as potential trophic markers (Table 2 ). Over the continental shelf, in the middle and offshore portions of both transects, surface and bottom POM samples had unusually low mean  13 C values. Although this pattern (low  13 C values on these portions) was consistent with observations for SOM and consumers, POM data are not shown because of high variability observed in the results (i.e., between replicates), possibly due to poorly constrained blanks for these samples. In the remainder of this article, only the qualitative results for lower isotope values of POM in the deeper part of the shelf (especially lower  13 C values) are then reported and discussed.
Results
Variations in isotope and "apparent Trophic Enrichment
Variations in isotope values of SOM and consumers SOM 
15
N values remained relatively stable from the more coastal stations to those more offshore, and replicates from the same station had low variability (Fig. Mean values varied only from 7.2 ± 0.0‰ to 7.9 ± 0.2‰ in transect A, and from 5.9 ± 0.2‰ to 8.3 ± 0.1‰ in transect B SOM 13 C values also varied very little along the two transects, although they were slightly higher at the stations located at depths of 100-160 m in transect A (Fig. 2) . Mean SOM 
13
C values ranged from -20.5 ± 0.0‰ to -22.1± 0.1‰ in transect A, and from -21.0 ± 0.0‰ to -21.8 ± 0.1‰ in transect B.
All consumer 
15
N values decreased considerably from coastal stations to stations located on the shelf break along both transects (Fig. 2) . For individuals of the bivalve (primary consumer) P. maximus sampled along the two transects, mean  15 N values steadily decreased from 9.5 ± 0.2‰ to 4.6‰ from the shallowest to the deepest station in transect A, and from 9.3‰ to 2.8 ± 0.1‰ in transect B. For individuals of the fish (secondary to tertiary consumer) C. lyra, mean  15 N values decreased from 12.7‰ to 10.2‰ in transect A, and from 12.8 ± 0.6‰ to 8.6 ± 0.4‰ in transect B. As it was the case for SOM, the replicates from the same station had low variability in  15 N values for consumers (Fig. 2) , and consumer  15 N values always had the same ranking: secondary to tertiary consumers (i.e., crustaceans and fish) > primary consumers (i.e., bivalves).
For 
13
C values in the transect A, consumers displayed a "hollow" pattern with particularly low values at the stations at depths of 100-160 m (Fig. 2) . Specifically, individuals of the bivalve P. maximus and the fish C. lyra had similar 
C values at both the shallowest (9 m) and deepest (272 m) stations (-17.6 ± 0.7‰ and -17.2‰, respectively, for P. maximus,; -18.3‰ and -18.0‰, respectively, for C. lyra). Their 
C values were the lowest at station A3 (127 m) (-19.1 ± 0.3‰ and -18.6 ± 0.5‰ for P. maximus and C. lyra, respectively). Along transect B, all consumers showed a marked decrease in 
C values from the coastline to the shelf break ( N between the theoretical C2 (secondary consumer: fish C. lyra) and C1 (primary consumer: bivalve P. maximus) remained positive, although it increased with depth ( Fig. 3 ). It varied from 3.0‰ and 3.2‰ in the more coastal stations to 5.5‰ and 5.7‰ at the deepest stations in transects A and B, respectively. Apparent TEF values for  13 C were less variable and remained close to 0, ranging from -1.0‰ to 1.1‰ along both transects, without any trend (Fig. 3) .
FA compositions of sources and consumers along depth gradients
All results of FA compositions of both sources and consumers concern the NL fraction. Details of these FA compositions and specifically the relative percentages of FAs at concentrations ≥1% of total FAs in at least one sample over the whole dataset can be found in the supplemental material provided.
General trends
The first two principal components of the PCA accounted for 41.8 % of the total variation in the dataset of FA compositions (26.6% and 15.2% for axis 1 and 2, respectively). The FAs that contributed significantly to the first axis were the SFAs 16:0 (15.2% contribution), 22:0 (8.0%) and 18:0 (6.1%) on the one hand, and the MUFAs and PUFAs 22:6n-3 (12.8 %), 20:5n-3 (12.7 %), 20:1n-11 (11.8 %), 20:1n-9 (11.6 %) and 20:4n-6 (5.4 %) on the other hand of the axis 1 (Fig. 4) . The second axis was influenced mostly by the MUFAs 18:1n-7 (14.7% contribution), 16:1n-7 (12.1%), 16:1n-9 (8.8%) as well as the bacterial FAs (11.4%) and the SFA 14:0 (10.3%) on the one hand, and by the SFA 18:0 (11.3%) and the PUFA 18:2n-6 (7.4%) on the other hand (Fig. 4) . When samples were grouped by type of compartment, axis 1 segregated the "sources" (i.e., POM and SOM samples with higher percentages of SFAs) and the consumers (i.e., P. maximus and C. lyra with higher percentages of MUFAs and PUFAs, at least those influencing axis 1). When samples were grouped by station, FA compositions of all samples from stations A3 and B3, in particular, differed from those of other stations with FA results (Fig. 4) .
Histograms of total BFAs, SFAs, MUFAs and PUFAs (relative to total FAs, in %) and the calculated UI confirmed and complemented the general trends highlighted by the PCA (Fig.  5 ). Overall, POM and SOM samples tended to show higher percentages of BFAs and SFAs (i.e., bacterial FAs) than P. maximus and C. lyra, and the consumers clearly showed higher percentages of PUFAs and consequently higher values of UI than the "sources". Among consumers, P. maximus generally showed higher percentages of PUFAs and thus higher values of UI than C. lyra along both transects, and the fish consistently showed higher percentages of MUFAs than the bivalve (Fig. 5 ).
Variations in FA compositions of "sources" among stations
For POM and SOM samples, the percentage of BFAs and short and odd SFAs (i.e., bacterial FAs relative to total FAs) tended to be significantly lower at stations A3 and B3 (depths of 127 m and 120 m in transects A and B, respectively). The percentage of PUFAs and UI values in these "source" compartments were significantly higher in these stations (Fig. 5 ). In addition, the PUFAs/SFAs ratio was always the highest at stations A3 and B3 (Fig. 6) ; however, this pattern was only significant in SOM samples. In contrast, the ratio of FAs 20:5n-3/22:6n-3 was generally lower in these stations, although not always significantly (Fig. 6) . Concerning other FA ratios or sums of FAs investigated as potential biomarkers (see Table 2 ), POM and SOM samples generally showed highly variable patterns among stations and between transects. For instance, in surface POM samples, the ratio of FAs 22:6n-3/20:5n-3 was significantly the highest at stations A4 and B3. Conversely, the sum of FAs 18:2n-6 + 18:3n-3 and the ratio of FAs 18:1n-9/18:1n-7 exhibited different patterns between the two transects. These FAs had the highest percentages at stations A1 and A4 in transect A, and the highest percentages at intermediate stations B2 and B3 in transect B (Fig. 7) . In bottom POM samples, no pattern appeared for the sum of FAs 18:2n-6 + 18:3n-3 in transect A, while a higher value was found for these FAs at station B3. The ratio of FAs 18:1n-9/18:1n-7 had the highest value in bottom POM samples from the A3 station in transect A (although not significantly), and in samples from stations B3 and B4 in transect B (Fig. 7) . In SOM samples, station A3 had significantly higher values of the sum of FAs 18:2n-6 + 18:3n-3 and the ratio of FAs 18:1n-9/18:1n-7, while station B4 had the highest values in transect B (Fig. 7) .
Variations in FA compositions of consumers among stations
Unlike the "source" compartments, the two consumer species (the bivalve P. maximus and the fish C. lyra) had patterns of FAs that were more consistent between consumers and between transects. For both consumers, the percentages of PUFAs and UI values were generally higher in individuals sampled at the deepest stations (notably A3-A4 and B3-B4) than those sampled at the more coastal stations (A1 and B1) (Fig. 5 ). Both consumers generally showed similar spatial patterns in FA compositions along the two depth gradients. They generally had lower ratios of FAs Σ 16:1/16:0, Σ C16/Σ C18 and 20:5n-3/22:6n-3 at the deepest stations, particularly A3 and B3-B4 (Fig. 6) . When they could be tested, the ratios of FAs 22:6n-3/20:5n-3, 18:1n-9/18:1n-7, and the sum of FAs 18:2n-6 + 18:3n-3 where significantly higher at stations A3 and B3-B4 (Fig. 7) . In addition, in these stations, the PUFAs/SFAs ratio was always the highest (although not always significantly so).
Discussion
Because offshore areas and wide continental shelves are less accessible, their ecological functioning is less documented than that of coastal areas. The general objectives of the present study were: (1) to determine the origin of organic matter entering benthic food webs and the trophic functioning over the highly productive Bay of Biscay continental shelf; and (2) to assess the potential influence of hydrological structures on the trophic functioning at the meso-scale. The original combination of analysing different matrices (POM, SOM and consumers), employing different tools (SIA and FAA) used as trophic markers, and comparing two contrasting inshore-offshore transects helped reveal trophodynamic variability over the continental shelf studied. Certain patterns that were observed are likely explained by the environmental gradients and water mass dynamics known to occur in the Bay of Biscay. In addition, from the results, consumer organisms seem better system integrators of mediumto long-term hydrological influences on trophodynamic patterns than POM samples, which probably vary more in SI and FA compositions at short time scales.
Highly variable inshore-offshore trends in the "source" compartments
The  13 C and  15 N values of the four river POM surface samples were similar to those reported for temperate freshwater (e.g., France, 1995; Darnaude et al., 2004; Kostecki et al., 2010) . Over the northern continental shelf of the Bay of Biscay, SIA and FAA performed in "source" compartments (i.e., surface and bottom POM, SOM samples) then showed highly variable and different patterns along the two inshore-offshore transects, although POM isotope values could only be assessed qualitatively (due to poorly constrained blanks for these samples that precluded the use of quantitative data). Inshore or nearshore versus offshore patterns have been similarly investigated across continental shelves in different marine ecosystems and compartments (SOM, POM or consumers) (Table 3) . Several authors investigated the origin of organic matter (e.g., terrestrial versus marine) using SIA of SOM samples collected from coastal to offshore areas (e.g., Nagao et al., 2005; Alt-Epping et al., 2007) . They observed that the organic fraction of shelf sediment was generally a mixture of materials of different origins (i.e., resulting from shoreline erosion, suspended river particles, resuspended sediments and organic matter produced in the water column; Nagao et al., 2005) , or that the marine influence prevailed (Alt-Epping et al., 2007) , except near large rivers where large amounts of terrestrial sediments can contribute to shelf sediment. In our case, we can directly compare our results to recent studies that investigated the origin of organic matter in bottom POM and/or in SOM samples using SIA in the northern Bay of Biscay (Nerot et al., 2012; Schaal et al., under review) , where the continental shelf is much wider than in previously cited systems.
In the present study, δ 13 C and δ 15 N values of SOM samples varied little along the two transects, probably reflecting the "long-term mixture" of sinking particles it represents (i.e., a mixture of potentially isotopically different particles accumulating on surface sediment, which likely tend to an average and stable isotopic signature of this mixture). However, slightly higher SOM δ 13 C values were found in transect A at stations located at depths of 100-160 m (including station A3). In direct comparison, this differed from results of Schaal et al. (under review) who found no particular trend in SOM δ 13 C values across a southern transect of the Bay of Biscay continental shelf (in front of the Vilaine river), but observed a pattern of decreasing δ 15 N for SOM along the depth gradient, which likely reflects the dilution of 15 Nenriched inputs from the Vilaine river. The Vilaine river catchment is effectively larger than those of the rivers reaching the coastal zones investigated in the present study, and the influence of the Vilaine river (high δ 15 N values reported in freshwater POM) is likely high in the coastal zone. In the present study, the higher SOM δ 13 C values found in the middle of the continental shelf in the northern transect (A) also corresponded to specific FA compositions. Significantly higher percentages of two potential flagellate markers were effectively found in samples from station A3, in particular (i.e., the sum 18:2n-6 + 18:3n-3 and the ratio 18:1n-9/18:1n-7; Table 2), along with significantly higher PUFAs/SFAs ratios at stations A3 and B3 along the two transects, which possibly indicates colonisation of degrading organic matter by bacteria in these offshore areas (Balzano et al., 2011) .
Although POM data could not be used quantitatively, from a qualitative viewpoint both surface and bottom POM samples generally had lower  C values across continental shelves (i.e., differences in samples of surface POM) or with depth (i.e., differences between surface and bottom POM). They include: 1) degradation and remineralisation processes (e.g., Nakatsuka et al., 1997; Liu et al., 2007) ; 2) temperature (influencing carbon isotopic fractionation in phytoplankton, e.g., Fontugne and Duplessy, 1981; Goericke and Fry 1994; Rau et al., 1997; Lara et al., 2010) ; 3) partial pressure and molecular CO 2 concentration in ambient waters (e.g. Rau et al., 1997; Liu et al., 2007) ; 4) cell size, cell surface area/volume or cell geometry (e.g. Popp et al., 1998) ; 5) POM and/or phytoplankton composition (e.g., Darnaude et al., 2004; Harmelin-Vivien et al., 2008) ; etc. For instance, diatoms can have higher δ 13 C values than other phytoplankton groups such as dinoflagellates (e.g., Fry and Wainwright, 1991; Waite et al., 2005) . Also, regarding the FA compositions measured in POM samples in the present study, the main difference between surface and bottom POM was found at the deepest stations in transect B (B3 and B4). FAA revealed higher percentages of flagellate markers (e.g., ratio 18:1n-9/18:1n-7) in bottom POM samples than in surface POM samples at these stations. A final hypothesis for low POM δ 13 C values (particularly bottom POM) in deep waters is sporadic or localised methane production and seepage of local sediments, or oil pollution (e.g. Ogrinc et al., 2005) , as methane and petroleum typically have very low δ 13 C values (e.g., Wilson et al. 2015) . However, this last hypothesis seems invalidated by the mean SOM δ 13 C values measured which were relatively high and invariant (from -20.5 ± 0.0‰ to -22.1± 0.1‰) along both transects.
Certain isotope values measured in the "source" compartments were not totally expected, particularly compared to previous studies in the northern Bay of Biscay that also analysed bottom POM and/or SOM along inshore-offshore transects (Nerot et al., 2012; Schaal et al., under review) . Deciphering the relative importance of factors influencing the POM or SOM values was beyond the scope of this study. FA compositions provided complementary information to SIA, particularly for SOM data. However, results generally suggested that the analysis of "source" compartments is insufficient to accurately understand trophic functioning over continental shelves (i.e, POM probably varies too much temporally, and SOM represents an overly large mixture of materials of different origins). Animal consumer species, as long-lived organisms, were expected to provide more accurate information about the origin of organic matter entering benthic food webs in the medium to long-term (e.g., North et al., 2014).
Inshore-offshore trends in consumers: evidence for the influence of hydrological structures
To understand the influence of environmental gradients on the trophic functioning at the meso-scale in various marine ecosystems, particularly in the Bay of Biscay, several studies considered the variability of isotope values measured in one or several types of consumers sampled across marine continental shelves (Table 3 ). In most of these studies using SIA, beyond the close vicinity of large rivers in more coastal areas where organisms are directly influenced by 13 C-depleted material from river run-offs (e.g., Fry et al., 1984; Fry and Sherr 1984) or by , 2012; Nerot et al., 2012) . These inshore-offshore differences were related to processes occurring at the level of dissolved inorganic carbon or nitrogen by authors, and consequently to the isotope values of the nutrients available to primary producers present in the food webs over shelves, which finally influence the isotope values of local food chains and of local higher trophic level consumers. A recent study in the northern Bay of Biscay also investigated FA trends in the primary consumer P. maximus sampled at multiple stations along an inshore-offshore transect (Nerot et al., under review), although not concomitantly with the "source" compartments. The originality of the present study is its inclusion of all the compartments across two transects and its combination of tools. C values found in the present study are potentially related to the importance of heterotrophic organisms (e.g., flagellates) at the base of food webs supporting consumers in these deep areas.
The "apparent TEF" between two theoretical trophic levels (fish C. lyra C2 -bivalve P. maximus C1) remained relatively stable and close to 0 for C, while it increased with increasing depth for N (although remaining in the range of a few ‰). TEF is supposed to be low in C between two successive trophic levels (generally ≤1-2‰), and theoretically higher in N (2.5-4‰ on average; Minagawa and Wada, 1984; Post, 2002; Vanderklift and Ponsard, 2003; Caut et al, 2009 ). Studying the "apparent TEF" between two other theoretical trophic levels along depth gradients in the Bay of Biscay (i.e., between the bivalve P. maximus C1 and its theoretical food source, bottom POM), Nerot et al. (2012) and Schaal et al. (under review) found strong discrepancies with literature data (i.e., negative values of TEF for N with increasing depth, values of TEF for C strongly increasing with increasing depth). They hypothesised that the discrepancies were possibly linked to: 1) different food sources than those expected that sustain consumers in the deepest areas (e.g., another source of organic matter than whole bottom POM for filter-feeding bivalves), or that a change in the trophic level of consumers occurs at these depths (which may explain the increase in apparent TEF for N we observed); or 2) a change in isotope fractionation occurring between sources and consumers at greater depths, which results from metabolic and physiological processes in organisms subjected to specific temperature and pressure conditions in these areas. Both phenomena may occur. Much of the literature reports that both environmental/abiotic factors (e.g., temperature) and biotic/trophic factors (e.g., age of organisms, type and quality of food) can impact isotope fractionation and TEF values, and consequently differences in isotope values between consumers and their sources/prey (Vanderklift and Ponsard, 2003; Caut et al., 2009; Bloomfield et al., 2011) . In addition, "isotopic routing" (i.e., differential allocation of isotopically distinct dietary components to different tissues in consumers; Martínez del Rio et al., 2009 ) may differ between individuals from shallower versus deeper waters, especially as the consumers considered (i.e., P. maximus and C. lyra) are mostly neritic species that are at their limit of distribution in the deeper areas. Both types of consumers (C1 and C2) showed the same decrease in δ 15 N values with depth, which suggests that the first hypothesis may be correct (i.e., the main source of organic matter sustaining benthic food webs changes between coastal and deeper areas, and/or organisms change their trophic level or feeding strategies). FA compositions of both types of consumers (bivalves and fish) were expected to provide complementary information to explain such δ 13 C and δ 15 N trends and TEF variations along depth gradients.
Despite the relatively small sample size for FAA, the PCA performed on the overall FA dataset and the spatial trends for each organism highlighted a common trend of particular FA compositions in local food webs at the deepest stations (stations A3 and B3-B4, in particular). These stations are located at depths of around 120 m. This area of the continental shelf is likely under the influence of a "cold pool", first described by Vincent and Kurc (1969) in the Bay of Biscay ecosystem (Puillat et al., 2004 and reference therein) . This cold pool, or water mass isolated from surrounding water masses (especially in terms of temperature) is supposed to limit exchanges between the surface mixed layer and deep water. Trends in FA compositions of "sources" (especially POM samples) varied greatly between transects; in contrast, the primary and secondary consumers P. maximus and C. lyra displayed similar and consistent patterns in inter-station differences in FA compositions between transects. In both consumers, diatom markers (i.e., ratios of FAs Σ 16:1/16:0, Σ C16/Σ C18 and 20:5n-3/22:6n-3; Table 2) always had low percentages at the deepest stations, while the percentages of the (dino)flagellate and carnivory/heterotrophic flagellate markers (i.e., ratios or sums of FAs 22:6n-3/20:5n-3, 18:2n-6 + 18:3n-3 and 18:1n-9/18:1n-7) were high. The percentages of PUFAs and UI values were also generally higher in consumers at these stations (and also in the SOM samples). From a physiological viewpoint, temperature may influence the FA composition of animals. NLs can be mobilised if they are in a fluid state, and ectothermic animals living at low temperature can respond by incorporating unsaturated FAs (e.g., Pernet et al., 2007) . It is then possible that deep-sea consumers counteract the rigidifying effect of low temperatures on their reserve lipids by incorporating more unsaturated FA than their coastal counterparts. However, FA compositions of the NLs considered here generally reflect well that of the food consumed (Dalsgaard et al., 2003) , and in general, microbial-loop based food chains have low proportions of PUFAs. This is because microalgae are considered an important source of PUFAs in the marine environment (Daalsgard et al., 2003) , although some authors demonstrated that heterotrophic flagellates from the microbial loop may also represent an important source of PUFAs (such as 18:2n-6), as well as a source of the MUFA 18:1n-9 (e.g., Zhukova and Kharlamenko, 1999; Véra et al., 2001 ). This could explain such high percentages of 18:2n-6 and 18:1n-9 in consumers from stations A3 and B3. In addition, a high PUFAs/SFAs ratio may be considered an indicator of carnivory in consumers from offshore areas (e.g., Cripps and Atkinson, 2000) or indicate colonisation of degrading organic matter by bacteria (e.g., Balzano et al., 2011) . This ratio was often high at these stations. From FA results, it therefore appeared that microbial loop-based trophic functioning likely drives these stations under the cold pool influence, or that heterotrophic planktonic organisms at the base of the food webs have a significant role, or that a fraction of the sedimentary detrital organic matter enters benthic food webs at stations under the cold pool. For SOM at these stations, particularly station A3, station-specific δ ). An alternative hypothesis is that cold pool stations are relatively stagnant and act as "traps" for a certain production that occurs elsewhere (e.g., north or south of the transects studied) and whose occasional inputs are reflected in long-lived consumers. Besides, low  Changes in food sources entering benthic food webs due to the occurrence or disappearance of particular hydrological structures have been observed in specific areas of the world (e.g., seasonal sea ice cover in the Bering Sea; North et al. 2014) . From isotope and FA results, authors of the latter study suggested that a reduction in annual sea ice cover would increase production of phytoplankton during longer ice-free periods and replace inputs of ice-associated microalgae to the sediment food bank used by deposit-feeders. In addition, their results suggested that most animal carbon derives from a small consistent fraction of the sediment carbon pool, which partly corresponds to our results for stations under the cold pool. Interestingly, percentages of bacterial FAs were not particularly high in samples from stations under the cold pool influence (i.e., supposedly under microbial loop-based trophic functioning), although the high percentages of MUFAs and PUFAs originating from flagellates may mask these percentages. In contrast, bacterial FAs were abundant in organisms from stations at the shelf break, and/or coastal stations. In samples from the shelfbreak, diatom markers also contributed to FA composition to a non-negligible degree, often in higher percentages than at stations under the cold pool and sometimes in similar proportions to those of more coastal stations. This suggests an intermediate trophic functioning (i.e., combining both herbivorous/microalgae-based and microbial loop-based trophic functioning) for the stations on the shelf break. Slope currents at the shelf break may generate strong vertical mixing and nutrient inputs (Pingree et al., 1982; Koutsikopoulos and Le Cann, 1996) that create favourable conditions for primary production (Holligan and Groom, 1986; Joint et al., 2001 ). These offshore stations might benefit from diatoms sinking from blooms in surface waters. In addition, the FA patterns for both types of consumers (C1 and C2) correspond to those described for P. maximus by Nerot et al. (under review) . The authors found similar discrepancies in FA compositions between individuals collected in coastal stations versus stations under the cold pool and on the shelf break.
Concluding remarks
Comparing two transects in the northern Bay of Biscay improved our understanding of the importance of the cold pool in this ecosystem and the extent of its influence on the area's trophic functioning. The combination of two trophic markers also helped identify the food sources that support benthic food webs along the two inshore-offshore transects. More generally, it indicated that the cold pool acts as a strong physical barrier limiting benthicpelagic coupling and exchanges between the surface and the bottom of the northern Bay of Biscay ecosystem. At stations located under the cold pool, benthic trophic functioning appeared to be based on a microbial food web, including a significant contribution of heterotrophic planktonic organisms, whereas inshore and shelf break areas were based on a microalgae-based food web (at least in part for the shelf break due to slope current and upwelling favouring primary production that eventually settles). While several studies on continental shelves predicted that shelf ecosystems may have a consistent food web structure and functioning beyond the influence of large rivers, or that the patterns of changes may be linear along depth gradients (e.g., Fry and Sherr, 1984 and other studies in Table 3 ), the present study clearly demonstrated the importance of local hydrological structures such as the cold pool on trophic dynamics at the meso-scale, in the medium to long-term in this ecosystem. As shown only sporadically in other areas (e.g., Bering Sea and sea ice cover variations; North et al., 2014) , our results therefore demonstrate that changes in benthic trophic functioning occur associated with site-specific productivity fronts.
From a methodological viewpoint, SI and FA compositions of "sources", and particularly POM samples, varied greatly among transects (present study) and between years of sampling (i.e., when compared to previous studies conducted in the area and using SIA; Nerot et al., 2012 and Schaal et al., under review). The patterns observed in the consumers we studied appeared more consistent and less variable than those observed in POM, like in other studies of food web ecology that use consumers as an "animal-providing-the-average-trend" (e.g., Post et al., 2002) . Like authors who advocate the use of primary consumers (instead of primary producers or POM) as baselines to determine trophic levels derived from SI values (e.g., Vander Zanden and Rasmussen, 1999), we recommend the use of low trophic level consumers (and/or relatively sessile organisms), such as bivalves, to depict trophic dynamics and marine food web functioning along continental shelf depth gradients in future studies. Tables   Table 1: Physical characteristics along the two transects studied in the northern Bay of Biscay. -(no specific fronts)
Transect
-(for both transects: ) "Cold pool", from about a depth of 100 m: cold water mass isolated below warmer surface water; characterised by low interannual and seasonal fluctuations with small variations in temperatureless than 1°C from spring to autumn; thought to limit exchange between the surface mixed layer and deep water = water column particularly stratified, at least in temperature (except in winter)
Shelf break:
Hydrological characteristics -(for both transects: ) Slope currents responsible for strong vertical mixing and nutrient inputs, which potentially creates suitable conditions for primary production Table 2 : Common fatty acid (FA) biomarkers investigated and discussed in the present study. FA compositions reported and analysed in the present study only correspond to the neutral lipid fraction (see text). In bold = FA biomarkers presented in Figs. 6 and 7. When redundant information was given by a single FA, or from a ratio or a sum containing this FA, the ratio or the sum was preferred (e.g., ratio  16:1/16:0 instead of single 16:1n-7, ratio 20:5n-3/22:6n-3 instead of single 20:5n-3, ratio 18:1n-9/18:1n-7 instead of single 18:1n-9, sum 18:2n-6 + 18:3n-3). Letters correspond to the reference(s) associated to the food source or the proposed trophic interpretation (when the same FA could be attributed to different food sources at the base of food webs). Caption to figures:
Figure 1: Map of sampling locations along the two inshore-offshore transects over the northern Bay of Biscay continental shelf. Stations selected for fatty acid analysis are also indicated (i.e., A1-A4 in transect A, B1-B4 in transect B). The potential extent of the "cold pool" structure is also indicated (shaded area) from Vincent and Kurc (1969) . Table 2 ) as a function of organisms and stations. A listing of these fatty acids and their potential significance as biomarkers is given in Table 2 (with associated references). The spatial correspondence of stations is indicated in Fig. 1 Table 2 ) as a function of organisms and stations. A listing of these fatty acids and their potential significance as biomarkers is given in Table 2 (with associated references). The spatial correspondence of stations is indicated in Fig. 1 54.4 ± 15.2 48.6 ± 2.1 48.9 ± 16.8 57.1 ± 3.3 71.9 ± 7.8 48.0 ± 5.1 55.1 ± 7.7 59.4 ± 2.8 74.4 ± 3.1 60.6 ± 4.4 50.4 ± 4.9 70.7 ± 3.8 14:1n-9 0.2 ± 0.3 0.3 ± 0.6 0.3 ± 0.2 1.2 ± 1.0 0.4 ± 0.1 1.3 ± 0.2 0.0 ± 0.0 1.1 ± 1.0 0.8 ± 0.1 1.9 ± 0.3 0.0 ± 0.0 1.3 ± 0.2 16:1n-7 4.9 ± 2.3 10.5 ± 2.2 4.1 ± 1.8 5.4 ± 0.5 4.1 ± 0.7 4.7 ± 1.1 2.0 ± 0.9 8.3 ± 0.8 3.6 ± 0.3 7.7 ± 0.5 3.1 ± 0.7 4.5 ± 1.0 16:1n-9
Total SFAs
1.3 ± 1.1 2.6 ± 0.1 0.7 ± 0.4 3.6 ± 1.1 1.4 ± 0.5 9.0 ± 0.7 0.7 ± 0.4 2.0 ± 1.9 0.6 ± 0.1 2.1 ± 0.9 3.4 ± 1.2 2.0 ± 0.2 18:1n-7 2.2 ± 1.0 3.1 ± 0.3 3.4 ± 1.1 2.3 ± 0.2 1.7 ± 0.4 2.5 ± 0.4 3.0 ± 0.1 1.8 ± 0.6 2.7 ± 0.2 5.2 ± 0.5 2.2 ± 0.1 3.0 ± 1.1 18:1n-9 17.0 ± 5.7 9.3 ± 1.4 11.2 ± 2.7 14.2 ± 1.4 6.4 ± 3.9 11.5 ± 0.3 11.2 ± 0.8 13.1 ± 0. 18:2n-6 9.7 ± 8.1 3.1 ± 0.3 1.7 ± 1.4 3.4 ± 0.9 2.7 ± 2.5 1.6 ± 0.2 2.3 ± 1.5 1.4 ± 0.1 1.5 ± 0.9 0.7 ± 0. 1.3 ± 0.4 4.5 ± 0.8 9.4 ± 4.7 1.0 ± 0.6 2.6 ± 0.3 7.3 ± 2.6 6.6 ± 3.5 0.7 ± 0.2 2.0 ± 0.3 1.8 ± 0.7 0.5 ± 0.1 1.3 ± 0.9 22:5n-3 0.4 ± 0.3 0.3 ± 0.1 3.1 ± 1.5 0.2 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 2.3 ± 1.4 0.1 ± 0.1 0.4 ± 0.1 0.2 ± 0.1 0.1 ± 0.2 0.1 ± 0.1 22:6n-3 0.8 ± 0.3 4.3 ± 0.7 6.6 ± 3.0 2.3 ± 1.2 2.2 ± 0.1 3.1 ± 1.1 6.5 ± 3.2 0.7 ± 0.3 1.2 ± 0.3 1.2 ± 0.6 0. (Fig. 5 ) for consumers sampled in transect A. FA compositions reported and analysed in the present study only correspond to the neutral lipid fraction (see text). In bold = FAs used in the PCA (Fig. 4) and/or as trophic markers (Table 2 and Figs. 6 and 7). Values are mean ± standard deviation. n = number of samples.
Transect A
Pecten maximus Callionymus lyra
18:2n-6
